Abstract-Generalization is a procedure used extensively in GIS data reduction, where polygon shape generalization is considered the most complicated. Since most of polygon generalization methods need to convert the polygon to the poly-lines, the generalized result is significantly affected by the decision of the starting point, which is required in initiating the poly-line generalization algorithm. The purpose of this study is to develop a curvature-based generalization technique for polygon GIS data. Curvature is an obvious characteristic of a curve and it can be used to represent the curve quantitatively. In this study, the shape's feature points which with relatively large curvature are detected initially. Then the original polygon can be separated into several curves by the feature points and each curve will be simplified respectively. In order to reach different stage of the simplification, a shape distortion index is used as a criterion to decide those data points should be preserved. An experiment is performed to compare the proposed method with the Douglas-Peucker method. The comparisons show that the proposed method has better simplified result and less distorted shape both visually and quantitatively than Douglas and Peucker method.
INTRODUCTION
Taking into account the cost and efficiency of cartographic processing, the task of automatic generalization is an important research topic [1] . Cartographic generalization represents the process of simplifying a graphic object by reducing the number of its data points. The ideal graphic reduction technique is expected to removes the points on the smooth segment and retains the points on sharp turning angle. Therefore, a good generalization algorithm is not only capable of simplifying data points, but also retains the similarity of the generalized curve to the original one as close as possible. A number of methods have been developed to perform the map simplification [2] , where one of the most common and effective methods was proposed by Douglas and Peucker. [3] . The Douglas-Peucker algorithm simplifies the curve by removing the data points until the intercept threshold is reached. Hence, the generalization result becomes sensitive to the threshold. In addition, because the Douglas-Peucker method is a line generalization algorithm, it requires the end points to convert a closed polygon to a series of poly-lines, consequently, the decision of end points will influence the simplification results.
The purpose of this study is to develop a curvature-based generalization approach for polygon GIS data. Because the curvature can be used to describe the shape of a curve mathematically, therefore, this approach uses curvature as a generalization index. According to the curvature property, this study classifies the data point of polygon into two types: the critical points and the secondary points. The critical points are the points with relatively large curvature (often with sharp angles) and can be detected automatically. The critical points will be used to divide the closed polygon into the smooth curve segments, which can be employed to extract the secondary points in further simplification. The extraction of the secondary points is performed by ranking the significance of the data points on the curve segments. The significance of the data point will be decided by the influence on the distortion of shape. As a result, the shape distortion is considered as a restricting condition to decide those data points should be preserved. The organization of this paper is as follows. Section 2 introduces the methodology of the proposed method in greater detail. The experimental results and discussions will be shown in Section 3. Finally, the conclusion shall be addressed in Section 4.
II.
METHODOLOGY
Based on the observation, the points with large curvature usually get more attention during generalization task. Thus, this study uses the concept of the curvature as a data-reduction index. Proposed method consists of three main steps. The first step is to calculate the curvature of each data point. The second step is to find out the critical points, which is used to catch the critical shape of the polygon initially. The final step is to extract the secondary points; these points can improve the simplification results and can reduce the shape distortion efficiently. The details of each step will be introduced in following sections.
[1] Curvature Calculation
The definition of curvature is shown as below:
Where k (u) is the curvature at point u, x ' (u) is the first order derivative and x '' (u) is the second order derivative of the x-axis at point u. y ' (u) is the first order derivative, and y '' (u) is the second order derivative of the y-axis at point u. It is easy to see from the definition that the first and secondary order of derivative must exist; however, the data points of GIS data are discrete and the first order derivative will not be continuous at the point. Accordingly, the second order derivative will be unable to exist mathematically.
In order to solve above problem, the technique of adding virtual points is applied to calculate the approximate curvature. By adding the virtual points, the distribution of points along the path will be more uniform and it's helpful to decrease the error of curvature calculation [4] [5] . To begin with, the virtual points are generated equidistantly by interpolating the coordinates of adjacent data points. Furthermore, in order to smooth the curve and to lower the influence of local wrinkle, the Gaussian smoothing is performed to modify all points. Finally, the approximate curve can be represented by using the second order polynomial fitting and the corresponding curvature can be calculated. Fig. 1 shows the flowchart when virtual points are added, and the relationship between the curvature and the curve path. The left part of the sketch displays the shape of the polygon; the blue contour represents the original shape and the red contour demonstrates the result after Gaussian smoothing. The curvature calculation indicates that the sharp turning angles on the graphic are corresponding to the relatively larger curvatures. 
2] Critical Point Extraction
The critical point of polygon is the point which with obvious turning in shape and relative large curvature in mathematic. In this study, if the data point's curvature is a local maximum value and is larger than a rough threshold, the data point will be considered as a critical point of polygon. Hence, after calculating the curvature of all the data points, it is possible to extract the critical points automatically. Fig. 2 is an example for critical point extraction, it indicates the relation between the curvature and the critical point.
After the critical points are extracted, the initial simplification is completed, however, only use the critical points as generalization results will cause over-simplification and shape distortion. Therefore, it is necessary to do further processing to reduce the problems. With the aid of the critical points, the polygon can be separated into several curve segments. Each segment will be simplified independently in the following step.
[3] Secondary Point Extraction
After the critical points are extracted, a polygon generalization will be simplified to a curve-segment generalization problem, thus, the secondary point extraction is performed by ranking the significance of the data points on the curve segments. The purpose of generalization is not only reducing the data points but also retaining a high similarity between the original and the generalized shape. Consequently, in this step, the significance of the data point on curve segment will be decided by its influence on the distortion of the shape.
In general, the shape change caused by removing data points has a more obvious influence on the area of the polygon. Accordingly, this approach defines a Shape Distortion Index Figure 2 . Example of critical point extraction. The data point with relative large curvature will be regarded as a critical point. (SDI) to describe the dissimilarity between the original shape and the simplified shape. The definition of SDI is as follows:
SDI is the ratio of un-intersecting area to the original area; a higher SDI indicates that the generalized polygon has more apparent shape distortion than the original ones. By using SDI, the shape distortion can be measure quantitatively, therefore, this approach applies SDI not only to determine the significance of data point but also to control the stage of simplification. For each data point on the smooth curve, by connecting to adjacent critical points, the corresponding simplified graphic can be constructed and the SDI value can also be calculated. The data point with lower SDI value means that it preserves most area of original shape and has higher rank of significance. According to the rank of significance, the secondary points will be preserved until the SDI is smaller than the given threshold. Fig.3 is a demonstration of secondary point extraction, the left part is the original curve segment, the middle one and the right one are the simplification results by using different SDI threshold. In the first iteration, this approach will preserve the point with highest rank of significance and calculate the corresponding SDI value. In this case, the SDI value of using only first point is 13.78%, if the threshold is 15%, the secondary point extraction procedure will be stopped because the SDI value is smaller than the given threshold. However, if the SDI threshold is 10%, it's necessary to add the second point to reduce the shape distortion.
III.
EXPERIMENTAL RESULTS AND DISCUSSIONS
The proposed method was tested by using the vector map of built up land at 1/5000 scale of Taipei city. The test site contains various shapes of polygon data. The proposed approach was compared with the generalization module of ESRI Arcview, which employs the Douglas-Peucker method as Figure 3 . The result of secondary point extraction in different SDI threshold the algorithm. Since the two methods have different types of thresholds respectively, the proposed method used the SDI as the threshold, while the Douglas-Peucker algorithm used the tolerant intercept distance. Therefore, the condition imposed by this experiment was to make the resulting number of point as equaled as possible. Based on the above condition, the results were evaluated in area, perimeter and SDI in this experiment ( Table 1 ). The experimental results are revealed in the following figures (Fig. 4,5) , where the blue line is the symbol for the original polygon, and the red line denotes the polygon after generalization; the black rectangles indicate the notable differences in the results between the two tested methods. The visual comparison between the proposed method (Fig. 4 ) and the Douglas-Peucker algorithm (Fig. 5) shows that the proposed method has a more similar outcome compared with the original shape. Furthermore, Table 1 also indicates that the proposed method has fewer changes in area and perimeter. Since the Douglas-Peucker algorithm approaches the graphic line by line, the recursion procedure will stop when deviations of the intermediate points from the trend line are smaller than the tolerance error. Accordingly, the results of the Douglas-Peucker method may cause more shape distortion, especially for large and smooth curve cases.
IV.
CONCLUSIONS
This paper introduces a curvature-based generalization technique for polygon graphics. The curvature property of the graphic is used to detect the shape's critical points. By using the critical points, a closed polygon can be segmented into several smooth curve segments and can do further simplification. The proposed method employs the distortion of shape as a constraint to control the level of simplification, and preserves the necessary data points by iteration. Comparisons between the Douglas-Peucker algorithm and the proposed method indicate that the result of curvature-based generalization technique has fewer shape distortion when the resulting number of points is nearly equal. Hence, the proposed approach not only keeps the shape of polygon but also reduces the number of points efficiently.
